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Abstract  This paper offers an analysis of mutual coupling
reduction techniques used in MIMO antennas designed for sub-6
GHz, 28 GHz, and 28/38 GHz dual frequency bands which are
allocated to 5G technology. The said techniques take into account
size, gain, isolation, and all diversity-related parameters, such as
envelope correlation coefficient (ECC), directive gain (DG), and
channel capacity loss (CCL). A review of current technologies is
presented in the paper too. The isolation techniques are studied
in detail and comparisons between the various works are drawn.
Finally, the best isolation technique suitable for specific bands,
applications and different port numbers is determined.
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1. Introduction

MIMO (multiple-input multiple-output) is a wireless commu-
nication technique capable of simultaneous transmission and
reception of many signals over a single frequency channel.
Such a method boosts data transfer speeds, expands network
capacity, and improves signal quality by using numerous an-
tennas at the transmitter and receiver ends alike. The benefits
of MIMO technology include the following:

• higher data rates due to simultaneous broadcasting and
receiving of multiple data streams,
• better signal quality, as many antennas allow to minimize

the effects of multipath fading and signal distortion,
• longer range achieved by decreasing signal degradation

caused by buildings and multipath interference. The MIMO
technology may increase the range of wireless networks,
• increased network capacity due to ability to serve, simulta-

neously, a higher number of users and devices.

While the MIMO approach offers highly advanced features,
it also suffers from some drawbacks, as it adds complexity to
wireless systems by requiring more antennas and by relying
on complicated signal processing techniques, making the
solution more challenging to design and deploy. It also adds
more cost to the system due to the additional hardware and
software needed when relying on the MIMO technology.

Last but not least, it is subject to interference or suffers
from mutual coupling between MIMO radiating elements,
a phenomenon which degrades signal quality and lowers
data throughput rates. Interference caused by other wireless
devices using the same frequency band is a factor too.

“Mutual coupling” is a term that refers to a phenomenon in
which the radiating antennas used in a MIMO array interfere
with each other, degrading the performance of the entire
system. This interference occurs due to the electromagnetic
waves emitted by one antenna and affecting the other aerials
in the array. The causes of mutual coupling in MIMO can
be attributed to several factors, such as the placement of
antennas in the array, the distance between them, the type,
and the orientation of the antennas used.

Three types of mutual coupling may be distinguished [1]:

1) Near-field coupling – the type of coupling that occurs
between antennas when they are positioned close to each
other. It is characterized by strong electromagnetic fields
that can cause interference and signal distortion.

2) Surface wave coupling occurs when MIMO antennas are
placed on a conductive surface, such as a metallic plate
or a ground plane. This type of coupling is characterized
by the propagation of surface waves that may deform the
signal. A dispersed current is produced on the ground
plane while the antenna element is fed at the feed point.
Some energy will be distributed and interference will
be produced as a result of this current flowing to the
surrounding antenna components.

3) Free space coupling occurs when MIMO antennas are
located in the free space and are not subject to any in-
terference or distortion caused by external factors. When
electromagnetic waves are radiated outward from the ex-
citation element, some of the energy will be linked to the
nearby antennas, thus inducing undesired current.

There are several ways to reduce mutual coupling in MIMO
systems. Some of them include increasing the distance be-
tween adjacent antennas, using aerials with different radiation
patterns and impedance characteristics, exploiting polariza-
tion diversity, implementing isolation techniques – such as
adding absorptive materials or placing a shield between the
MIMO antennas – and optimizing the antenna design by de-
ploying aperture coupling or antenna decoupling techniques,
as well as by using frequency-selective structures.

Common types of isolation enhancement techniques used in
MIMO include the following.

The polarization isolation technique involves using antennas
with different polarization orientations to reduce interference.
For instance, if one antenna transmits a horizontally polarized
wave, the other antenna may transmit a vertically polarized
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signal. This helps reduce signal crosstalk and improves the
isolation factor.
The spatial isolation approach involves designing a suitable
physical layout of the antennas to help reduce interference.
For instance, spacing the antennas further apart or using direc-
tional antennas may increase the spatial separation between
the antennas, thus reducing mutual interference.
The frequency isolation technique relies on antennas that
operate in different frequency bands, which helps reduce
mutual coupling and also improves isolation. Interference
between antennas is highest when they operate at the same
frequency, but frequency-isolated antennas can help mitigate
this problem.
In the beamforming technique, the transmitted radiation pat-
terns of the antennas are shaped to reduce interference. Beam-
forming can be used to steer transmissions away from interfer-
ing antennas – an approach which can improve the isolation
factor.
Due to its specific usage conditions, the antenna switching
technique is also capable of helping improve isolation between
antennas.
Overall, these isolation enhancement techniques are vital to
the performance of MIMO communication systems, as they
reduce signal crosstalk and improve the channel’s signal-
to-noise ratio, thus leading to higher throughput and data
rates.
The specific MIMO isolation or decoupling design approach-
es may be categorized into two groups: external decoupling
techniques and internal decoupling techniques [1]. External
decoupling approaches are further divided into neutralization
lines (NL), triple line, slots, stubs, parasitic decoupling ele-
ments (PDE), defective ground structures (DGS), and those
using metamaterials, i.e. relying on the insertion of exter-
nal structures into the patch or the ground to counteract the
mutual coupling effect.
Internal decoupling techniques include space diversity and or-
thogonal polarization or multi-polarization about polarization
diversity.
The remaining techniques used in MIMO antennas are de-
scribed below.
Neutralization line is a metallic slit used to pass the elec-
tromagnetic waves between the elements of the antenna to
reduce mutual coupling or improve isolation between the
elements. It also improves the bandwidth and reduces an-
tenna size. Electromagnetic bandgap (EBG) structures are
made of metallic or dielectric materials with periodic arrange-
ments for the transmission of electromagnetic waves. The
periodic structures help achieve independent resonance and
attain multiple band gaps, hence reducing mutual coupling
and providing high efficiency.
Defected ground structure (DGS) is a type of ground plane
etched with defects, slots, or slits to improve efficiency, isola-
tion, and achieve a wide bandwidth, while the antenna with
a dielectric resonator is characterized by high radiation effi-
ciency, wide impedance bandwidth, high gain, good isolation,
small form factor, and low losses.

Metamaterials have special electromagnetic, isotropic,
anisotropic, chiral, photonic frequency-selective surface-
based, non-linear, and tunable properties. These features offer
enhancements in terms of diversity gain, envelope correlation
coefficient (ECC), and wide bandwidth.
Complimentary split ring resonators (CSRRs) consist of two
concentric rings with slots opposite each other. They are used
to enhance isolation and efficiency and improve diversity gain
as well as to reduce the size of the antenna.
The remaining methods relied upon to improve perfor-
mance and isolation include slots and stubs used to achieve
impedance matching, wide bandwidth, high efficiency, and
higher gain. Additional parasitic elements around the primary
antenna elements mitigate the coupling effect.
The self-isolation method does not involve any external de-
coupling. The antennas are isolated by maintaining a longer
distance between them. Such a method is usually used at
sub-6 GHz and mmWave bands. The self-isolation character-
istic is often combined with different orientation of antenna
elements to achieve spatial and polarization diversities.
In MIMO systems, spatial diversity is used to increase the
capacity and reliability of wireless communication through the
use of multiple antennas. By transmitting independent signals
via each of the antennas, a MIMO system can effectively use
the available radio spectrum, reduce errors caused by fading,
and increase network capacity.
The polarization diversity technique involves using multi-
ple antennas with different polarizations to receive the same
signal simultaneously. Thanks to such an approach, a reduc-
tion in signal fading and an improvement in overall signal
quality may be achieved. The polarization diversity approach
is combined with spatial diversity to further improve signal
quality and increase the system’s capacity in noisy and fading
wireless channels.

2. MIMO Antenna Performance Metrics

This section outlines S-parameters and most important diver-
sity metrics for MIMO antennas with their typical acceptable
values summarized in Tab. 1 [1], [2].
The envelope correlation coefficient (ECC) represents the
relationship between the isolation factor and the number of
antenna elements and in perfect circumstances is equal to
zero. To determine the ECC between any number of elements,
one can use the radiation field pattern and S-parameters as [3]:

ϱe =

∣∣∣∣ ∫∫
4π

[
−→
F1(θ, φ)×

−→
F ∗2 (θ, φ)

]
dΩ

∣∣∣∣2∫∫
4π

∣∣−→F1(θ, φ)∣∣2 dΩ ∣∣−→F2(θ, φ)∣∣2 dΩ , (1)

ECC(m,n) =
|S∗mmSmn + S∗nmSnm|2(

1− |Smm|2 − |Smn|2
)(
1− |Snm|2 − |Snn|2

)
(2)

Diversity gain (DG) is a parameter which defines the quality
and reliability of a MIMO antenna in wireless systems. Hence,
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Tab. 1. S parameter-dependent MIMO design metrics.

Parameter Value

ECC < 0.5
DG <10 dB

TARC < 0 dB
MEG –3 dB < MEG < –12 dB
CCL < 0.4 b/s/Hz

DG must be high (approx. 10 dB) within the acceptable
frequency band. DG is also S parameter-dependent and can
be calculated, for two ports, as:

DG = 10
√
1− ECC2 . (3)

The lower the value of ECC, the better the diversity gain. DG
can be optimized by selecting an appropriate number of an-
tennas, spacing, polarizations, and beamforming techniques,
among other factors [3].
The total active reflection coefficient (TARC) measures re-
flected power about incident power and should ideally be
zero for MIMO antennas. This metric for a 2-port antenna
is calculated from S-parameters and expressed in decibels
as [4]:

TARC =

√
(S11 + S12)2 + (S21 + S22)2√

2
. (4)

Channel capacity loss (CCL) is the highest amount of informa-
tion that may be sent across a communication link with a low
channel loss factor. For MIMO systems, a typical CCL value
equals 0.4 bits/s/Hz. The formula for CCL using S-parameters
for two ports [4] is:

Closs = − log2(σ
D) , (5)

where:

σD =

[
σ11 σ12

σ21 σ22

]
, (6)

σ11 = 1−
[
|S11|2 + |S12|2

]
, (7)

σ22 = 1−
[
|S22|2 + |S21|2

]
, (8)

σ12 = −
[
S∗11S12 + S

∗
21S12
]
, (9)

σ21 = −
[
S∗22S21 + S

∗
12S21
]
. (10)

The mean effective gain (MEG) measure is defined as the
average gain of a MIMO antenna array over all possible prop-
agation channels, taking into account the statistical properties
of the channel. Higher MEG values indicate better overall
signal strength and improved system performance. MEG can
be estimated based on the mutual effect between antenna
power gain patterns and the statistical properties of incident
radio waves through its vertical and horizontal components

which depend on the orientation or polarization. MEG can be
calculated as [5]:

Ge =

2π∫
0

π∫
0

[
XPR

1 +XPR
Gθ(θ, ϕ)Pθ(θ, ϕ)

+
1

1 +XPR
Gϕ(θ, ϕ)Pϕ(θ, ϕ)

]
sin θ dθ dϕ ,

(11)

where XPR is the cross polarization, Gθ(θ, ϕ), Pθ(θ, ϕ) are
θ components of the antenna power gain pattern and θ com-
ponents of the angular density functions of incoming plane
waves, respectively. Gϕ(θ, ϕ), Pϕ(θ, ϕ), are the ϕ compo-
nents of the antenna power gain pattern and ϕ components of
the angular density functions of incoming plane waves, re-
spectively. Also, Ge = Gθ(θs, ϕs), which shows that MEG
corresponds to the directive gain of the antenna in the (θs, ϕs)
direction, when incoming signals are focused in the (θs, ϕs)
direction.
The dependence of MEG on S-parameters is as follows:

MEGm = 1− |Smm|2 − |Smn|2, (12)

MEGn = 1− |Snn|2 − |Snm|2. (13)

3. Review of MIMO Antenna Designs
The 5G frequency spectrum may be split into the lower spec-
trum, covering frequencies below 6 GHz (also known as
sub-6 GHz) and the higher spectrum, covering frequencies
over 6 GHz. Therefore, the review of the isolation enhance-
ment techniques and the diversity parameters is based on the
aforementioned taxonomy.

3.1. Review of Sub-6 GHz Antenna Design Features

For communicating in the sub-6 GHz band, the design pre-
sented in paper [6] provides maximum spatial diversity effi-
ciency of more than 68% and a directive gain over 9.94 dB.
The MIMO system with two and four elements showcased in
paper [7] did not use any decoupling structures. Instead, the
orthogonal orientation of elements is used, which provides
high isolation for both systems at all operating frequencies
with an efficiency of approximately 85% and a directive gain
of 10 dB. In [8], the authors proposed a compact two-element
antenna operating in the 5.5–9 GHz band for 5G applications,
in which the parasitic element approach has been employed for
enhancing isolation and the stepwise modification technique
was used to improve bandwidth-related parameters.
In article [9], a dual-band antenna array is proposed with its
structure consisting of an L-shaped feeding strip and a Z-
shaped radiation strip at the initial stage. Such a design was
then modified by adding a rectangular strip as a parasitic
element to increase the bandwidth and with an L-shaped strip
to make it resonate at 3.4 GHz. Further, a rectangular slit is
cut on an additional L-shape strip creating a modified Z-shape
that covers the 4.9 GHz band.
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Tab. 2. Comparative analysis of decoupling techniques for sub-6 GHz MIMO antennas.

Ref. Size [mm] No. of
elements Decoupling technique Isolation

[dB]
Gain
[dBi] ECC CCL

[6] 55×50×28 4
Spatial diversity,

rotational diversity,
orthogonal diversity

< –26
11
10

6
< 0.10
0.39
0.28

NC

[7] 23.5×26.5×1.6 4 Polarization diversity < –30.5/18.5 NC < 0.001 < 0.4

[8] 40×42×1.6 2
Parasitic element,

orthogonal element
approach

< –20 6.15 NC NC

[9] 150×75×6.2 4 Parasitic element
approach < –16.5 4.7/5 < 0.01 NC

[10] 14.9×7×0.8 4 Open loop ring
resonator < –15 4.2 < 0.02 NC

[12] 50×50×1.6 4 Slots < –11 4.1 0.01 NC

A dual-band antenna with an open loop ring resonator as
a feeding element and T-shaped radiating elements is de-
scribed in [10]. It operates in the 3.3–3.84 GHz and 4.61–5.91
GHz bands. The surface current for 3.5 GHz is directed from
the right-hand side of the element towards the center of the
substrate and the electric field is routed in the outward direc-
tion. The opposite phenomenon occurs for 5.5 GHz, making
the proposed antenna of the dual-band type.
A multiband eight-port MIMO aerial is presented in paper
[11]. It operates in n2, n3, n39, n65-66 and n77-79 bands. The
elements achieve self-isolation through the spatial diversity
technique. Another high efficiency 4×4 MIMO antenna for
the 3.5 GHz band is presented in article [12]. A circular slot
is etched on the antenna unit cell with a radius of 129.79° and
with its center coinciding with the center of the ground plane.
Each unit cell contributes to the formation of a circular disc

Defected ground structure

Parasitic element

Split ring resonator

Slots

Strips/Slits

Lumped components

Metamaterial

Spatial diversity

Polarization diversity

Isolation techniques
for sub-6 GHz band

Fig. 1. Isolation techniques for sub-6 GHz band.

in the ground plane. The structure not only provides good
isolation, but also offers a peak gain of 4.0 dBi in the 3.4–3.8
GHz frequency range.
The isolation techniques which have been described in the
literature are summarized in Fig. 1, while Tab. 2 illustrates
the parameters of the described antennas using the individual
decoupling techniques.
From Tab. 2, one may conclude that the hybrid of spatial and
orthogonal polarization offers maximum isolation and gain
for 4-port MIMO antennas while maintaining the expected
values of all other parameters.

3.2. MIMO Antennas for 28.0 GHz

The 28 GHz MIMO configuration described in [13] consists
of three circular rings surrounded by an infinity-shaped shell.
The design offers a peak gain of 6.1 dBi and efficiency of
92%. It is also characterized by spatial and pattern-related
diversity required for 5G-based communication. Next, the
design was extended to a 1×4 array with a power divider
providing a peak gain of 23.5 dBi and a wide bandwidth of
23.58–28.32 GHz.
A 4×4 microstrip patch antenna is proposed in [14], where
one element comprises three stubs with a radial structure and
stubs being tapered at the outer end. The radiating element is
also extended to form an array to provide gain enhancement
in the 28–38 GHz range. The array achieves 18.65 dBi of
maximum gain with a return loss of –12 dB in the 28–38 GHz
range.
A flower-shaped MIMO antenna is proposed in paper [15],
where the radiating structure consists of five circular patches,
placed 45° apart, and connected to a circular hub through
rectangular branches. The ground plane is common and
trimmed to enhance gain in the operating band. The antenna
achieves –17 dB of isolation and 7.8 dBi of gain.
In [16], a MIMO antenna having T-shaped elements arranged
in a row with CPW feed is presented. The design commenced
with a single element and a ground plane etched with split
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ring slots. Two iterations are then carried out for the etching of
split ring slots. A slot in the center with two slots at both of its
ends was etched in the partial ground at an optimized distance
determined in the first iteration. The second iteration has two
even more truncated slots etched in opposite directions at
an optimized distance. These slots play a crucial role in the
generation of multiple resonant frequencies and provide the
bandwidth of 25.1–37.5 GHz, return loss of less than –10 dB,
and 10.6 dBi of peak gain at 36 GHz.
In [17], a circular shaped patch has been modified by etching
two rectangular slots on either side of the patch to operate
in the 28 GHz band, achieving an impedance bandwidth of
26–29.7 GHz. Such a radiating element was next extended to
form a four-port MIMO in order to enhance channel capacity.
Additionally, DGS was implemented to reduce mutual cou-
pling. A two-element MIMO aerial with isolation of more
than 36 dB is presented in [18]. The rectangular-shaped radi-
ators are etched with two slits each and are aligned at 45° in
a clockwise direction to achieve high isolation at 29 GHz.
In [19], a dual function DRA-MIMO design is proposed
featuring circular polarization in the 25.5–27.79 GHz band.
Orthogonal placement of identical ports provides –30 dB of
mutual coupling with a gain of 5 dBi and the diversity param-
eters are within the acceptable limits for 5G communication.
An antenna array shown in article [20] provides a low-profile
mmWave metamaterial-based MIMO array with two ports,
each containing 3×3 unit cells. The antenna achieves high
isolation of >24 dB and offers acceptable diversity parameter
values over a wide impedance bandwidth with a measured
peak gain of 12.4 dBi at 28 GHz.
Authors of work [21] have investigated an antenna with an
operational range of 26–29.5 GHz in a 2×2 MIMO configu-
ration, utilizing polarization diversity to obtain a high degree
of isolation and a low envelope correlation coefficient.
The MIMO antenna from article [22] has an impedance
bandwidth of 9.23 GHz in the 22.43 to 31.66 GHz range and
is capable of achieving significant isolation of at least 25 dB
between the neighboring MIMO elements, even without the
use of decoupling networks. A MIMO antenna consisting of
two elements arranged in an array connected through a shared
feeding network is proposed in [23]. A bow-tie shaped slot
is etched in the middle of the patch with slit on the edges.
DGS is deployed by etching vertical and horizontal slots to
optimize performance. A zig-zag decoupling structure, as well
as spatial and polarization diversity techniques help achieve
isolation greater than –40 dB. This antenna operates in the
27.6–28.6 GHz range with its peak gain equaling 12.02 dBi.
In Fig. 2, isolation techniques used in the literature for 28
GHz designs are summarized, while Tab. 3 presents a com-
parison of decoupling techniques with the main parameters
of antennas described in recent articles.
From Tab. 3, one may notice that for 2-port MIMO antennas
spatial diversity technique brings maximum isolation within
the compact size of the antenna, whereas the maximum gain is
achieved with designs based on metamaterial or metasurfaces.
For 4-port MIMO antennas, the maximum isolation comes
from slots, defected ground structures and decouplers, while

Defected ground structure

Metamaterial/metasurface

Parasitic element

Split ring resonator

Slots/Stubs

Strips/Slits

Spatial diversity

Polarization diversity

Trimmed metamaterial corners

Electromagnetic bandgap

Isolation techniques
for 28 GHz band

Fig. 2. Review of isolation techniques for MIMO antennas operating
in 28.0 GHz band.

gain enhancement is achieved by electromagnetic bandgaps
and spatial diversity as well.

3.3. Review of Dual Band Antennas for 28/38 GHz

28 GHz and 38 GHz frequencies are commonly used in 5G
dual band antennas due to their low absorption rate.
In article [24], the authors investigated a two-port MIMO
antenna with two arrays facing opposite directions. An EBG
reflector was installed to minimize backward radiation while
simultaneously enhancing the front-to-back ratio. It also
helped in achieving a wideband impedance bandwidth with
a realized gain of up to 11.5 and 10.9 dBi at 28 and 38 GHz
frequencies, respectively.
Article [25] introduces a diamond-shaped pierced patch
etched on a defected ground structure for dual-band opera-
tion. Orthogonal and spatial diversity techniques are used in
four-port MIMO structures to achieve isolation of –50 dB
with gain equaling 4.7/3.75 for 28/38 GHz, respectively.
In [26], a four-port MIMO with crescent-shaped radiators is
proposed. Partial ground, spatial diversity, and polarization
diversity techniques are used to enhance the emitter’s isolation
from the MIMO structure. The emitter which is 20×20 mm2 in
size exhibits more than –23 dB of isolation and 9.5/11.7 of
gain at 28/38 GHz, respectively.
Paper [3] presents the parasitic element approach to two-
port MIMO configurations. The isolation measured for the
adjacent orientation of elements as well as for face-to-face
placement of elements is less than –20 dB over the entire
frequency range with a peak gain of 6.6/5.86 dBi at 28/38
GHz, respectively.
The four-port MIMO antenna demonstrated in paper [4]
utilizes a parasitic element approach to enhance isolation
which improved by 25 dB, with the maximum isolation value
equaling –50 dB. The antenna offers a gain of 9.5/11.5 dB for
28/38 GHz bands, respectively. In [27], the authors reported
a two port MIMO antenna having rectangular and triangular
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Tab. 3. Summary of parameters achieved by decoupling techniques for 28 GHz MIMO antennas.

Ref. Size [mm] No. of
elements Decoupling technique Isolation

[dB]
Gain
[dBi] ECC CCL

[13] 30×30×0.787 4 Pattern diversity < –29 5.5 < 0.16 –
[14] 30×35×0.254 4 Decoupler and DGS < –40 – < 0.01 < 0.4
[15] 25×15×0.787 4 Pattern diversity < –17 7.8 < 0.0001 –
[16] 12.7×50.8×0.800 4 Spatial diversity < –22 5 < 0.01 –
[17] 30×30×1.575 4 Slot < –30 – < 0.005 < 0.15
[19] 15×30×0.254 2 Spatial diversity < –35.8 – < 0.005 < 0.1
[20] 54×23×0.790 2 Metamaterial < –24 13.4 < 0.0013 < 0.42
[21] 20×20×7.608 4 Pattern diversity < –25 14.1 < 0.008 –
[22] 24×24×0.254 4 Pattern diversity < –25 5.6 < 0.0008 –
[23] 30 ×35×0.760 4 Slot < –40 12 < 0.0003 < 0.4

[29] 110×75×0.760 4 Spatial diversity and
DGS < –22 9.3 < 0.05 < 0.1

[30] 42×85×0.508 2 Metasurface
corrugations < –37.1 18 – –

[31] 15×25×0.203 2 Pattern diversity < –30 5.9 < 0.005 < 0.12

stubs added to the radiator along with a partial ground to
achieve resonance at 28 and 38 GHz bands. Isolation between
MIMO elements is achieved by placing them orthogonally.
The reported maximum isolation is less than –20 dB with
a peak gain of 5.2/5.3 dBi and isolation of 30/22 for 28/38
GHz, respectively.

A slotted square radiator with a four-port MIMO configura-
tion presented in [28] is characterized by left-hand circular
polarization for 28 and 38 GHz bands. For such a design,
isolation is below –36 dB and peak gain is 7.03/7.368 dB at
28/38 GHz, respectively.

A slotted rectangular two-port and four-port MIMO is de-
scribed in article [32], where mutual coupling is reduced to
–28.32 dB for the 28 GHz four-port MIMO and –26.27 dB
for the 38 GHz four-port MIMO. Gain equals 7.95/8.27 dBi
for 28/38 GHz, respectively.

The authors of [33] presented a design of a pentagon-shaped
two-port MIMO antenna with a metamaterial array placed
between the two symmetrically positioned radiators in order
to isolate the electromagnetic fields. The achieved isolation is
–39 dB at 28 GHz and –39 dB at 38 GHz with gain equaling
5.2 and 5.5 at 28 and 38 GHz, respectively.

Table 4 summarizes the aforementioned design features and
provides the values of specific parameters, while Fig. 3 illus-
trates isolation techniques used in the literature for dual band
antennas.

From Tab. 4, one may observe that metamaterials provide
maximum isolation, while hybrid diversity (spatial and polar-
ization) provides maximum gain for 2-port dual-band MIMO
antennas, with hybrid diversity ensuring maximum isolation
and high gain in 4-port dual-band MIMO antennas.

4. Conclusions

As the number of elements on the same patch increases, the
problem of mutual coupling arises and it is a difficult challenge
to establish optimum isolation to limit coupling. Numerous
techniques have been analyzed which are deployed specifically
to reduce mutual coupling or to improve diversity-related
parameters. However, increasing gain while maintaining high
diversity performance and decreasing the size of MIMO
antennas are the few challenges that must be addressed.
This study proves that a substrate with low permittivity and
a low loss tangent is necessary for enhancing gain and re-
turn loss. In addition, approaches relying on slots, dielectric
lenses, and corrugation are required to eliminate the effect
of cross-polarization. The use of dielectric lenses and para-

Metamaterial

Parasitic element

Decoupling structure

Slots/Stubs

Strips/Slits

Spatial diversity

Polarization diversity

Isolation techniques
for 28/38 GHz dual 

band MIMO antennas

Fig. 3. Isolation techniques for 28/38 GHz band.
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Tab. 4. Comparison of parameters of decoupling techniques for 28/38 GHz dual band MIMO antennas.

Ref. Size [mm] No. of
elements Decoupling technique Isolation

[dB]
Gain
[dBi] ECC CCL

[4] 28×28×0.79 4 Parasitic element –50 9.5/11.5 < 0.001 < 0.01
[24] 20×53×0.203 6 Electromagnetic band gap < –20 15 < 0.12 –

[25] 150×75×3 4 Polarization and space
diversity –50 4.7/3.75 0 NC

[26] 20×20×0.25 4 Polarization and space
diversity –24/–25 9.5/11.7 < 0.0001 NC

[27] 27.65×12×0.273 2 Polarization and space
diversity –30/–22 5.2/5.3 < 0.0001/

< 0.0002 < 0.4

[28] 100×75×0.508 4 Polarization and space
diversity –36 7.6/8.12 < 0.005 < 0.4

[32] 55×110×0.508 4 Spatial diversity –28/–26 8.27 < 0.005 NC
[33] 26×14.5×0.508 2 Metamaterial –39/–38 5.2/5.5 < 0.0001 < 0.05

[34] 27.5×13.5×0.635 2 Spatial diversity >20/20 NC < 0.005/
< 0.0002 NC

[35] 30×15×0.203 2 Polarization and space
diversity

–32.3/
–36.37 5.7/6.9 < 10–4 < 0.3

sitic elements maximizes the radiation in the frontal direction
for gain improvement. Metamaterials and DGS improve an-
tenna gain, simultaneously reducing mutual coupling and
antenna sizes, while techniques such as dielectric loading,
interconnected ground strip, lumped components, orthogo-
nal elements, meta-surfaces, FSS and polarization diversity
contribute mostly to isolation improvement.
The major finding of the project is that spatial and polarization
diversity isolation techniques (followed by metamaterials and
electromagnetic band gap (EBG) techniques) offer higher
isolation and improve gain in all the discussed frequency
bands for two- and four-port MIMO antennas.
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